The Effect of Polyamines on Herpes Simplex Virus Type 1 DNA Polymerase Purified from Infected Baby
Hamster Kidney Cells (BHK-21/C13) (Accepted 7 February I98O)
SUMMARY
The DNA polymerase whose synthesis is directed by the herpes simplex virus type I (HSV-0 DNA was purified 545-fold from BHK-2I/CI 3 cells I6 h after infection with the virus. Spermidine and spermine stimulated the activity of the polymerase over the concentration range o'5 mM to 2" 5 raM. This effect was enhanced with increased concentrations of polyamine, maximum stimulation being threefold and fourfold for spermidine and spermine respectively. The diamine, putrescine, had little effect on the enzyme at the concentrations used (o'25 to I'25 raM).
The polyamines are found in all living organisms (Tabor & Tabor, 1976) . Prokaryotes contain only putrescine and spermidine whereas eukaryotes can also synthesize spermine, the largest of the three polyamines (Bachrach, 1973) . These aliphatic polycations have a strong affinity for anionic molecules such as DNA and RNA (Stevens, I97o) and have been shown to intereact physically with DNA, thereby protecting the latter from thermal denaturation (Stevens, 1967) and stabilizing the condensed structure (Gosule & Schellman, 1976) . Several reports have suggested further that polyamines may be required for replication of cell DNA (Poso & Janne, I976; Knutson & Morris, 1978) and of virus DNA in infected cells (Williamson, I976; Tyms et al. 1979 )-The HSV virion has been shown to contain both spermidine and spermine (Gibson & Roizman, 197~) in amounts sufficient to neutralize 4o % of the phosphoryl groups of the virus DNA; however, the function of the polyamines in the virion is unknown. In view of the proposed relationship between DNA metabolism and the polyamines we have examined the effects of the three naturally occurring polyamines on the purified DNA-dependent DNA polymerase (DNA nucleotidyltransferase EC 2.7.7-7) encoded in the HSV genome.
Young, confluent monolayers of BHK-2t/CI3 cells, grown in the Glasgow modification of Eagle's medium containing IO% (v/v) calf serum and 1o% (v/v) tryptose phosphate broth, were infected with HSV-I at 2o p.f.u./cell. The cells were harvested 16 h p.i., at which time the activity of the HSV-I DNA polymerase was observed to be at a maximum. The following procedures were carried out at 4 °C. The cell pellet was washed three times in phosphate-buffered saline and resuspended in hypoosmotic buffer (2omM-tris-HC1, pH 7"5, 0"5 mM-dithiothreitol) before ultrasonically disrupting the cells and extracting the proteins in hyperosmotic buffer (hypoosmotic buffer containing t'7 M-KCI, 5 mM-EDTA and 50 mg %, w/v, bovine serum albumin). After 40 min, the DNA and protein precipitates were removed by centrifugation in an 8 x 50 ml rotor at 3oo0o g,v for 4o rain. The supernatant fluid was dialysed overnight against several changes of buffer (5o mM-tris-HC1, pH 7"5, 0"5 mM-dithiothreitol, o.2 %, v/v, Nonidet P-4o, 2o%, v/v, glycerol). The dialysate was clarified by centrifugation at 15,ooog, v in an 8 x 5o ml rotor for 2o rain. The DNA polymerase in the supernatant fluid was finally purified by column chromatography through, consecutively, DEAE-cellulose, phosphocellulose and denatured DNA-cellulose (Powell & 0o22-I317/80/0000-4o49 $02.o0 ~ I980 SGM Fig. l . The effect of polyamines on the activity of HSV-1 DNA polymerase (purified as described in the text). The polyamines were added to the assay mixture immediately before addition of the enzyme. The reaction mixture (200 #1) contained: lOO mM-tris-HCl, pH 8-0, 5 mM-dithiothreitol, 3 mM-MgCI~, lOO mM-KCI, 0"26 mM each of dATP, dCTP and dGTP, 0"005 mM-SH-dTTP (4oo #Ci/mmol); 20 #g of activated salmon sperm DNA (Weissbach et al. 1973) , o-23 #g of enzyme protein and polyamine at the concentrations indicated. The reaction was carried out at 37 °C and was stopped by the addition of an equal volume of ice-cold 5 ~ (w/v) trichloroacetic acid. Acidinsoluble radioactivity was collected on GF/C filter discs (2"5 mm diam.) as described by Craig & Keir (1975) . ( Purifoy, t 977). A summary of the purification and recovery at each state is given in Table r . The effects of the polyamines on this purified enzyme activity were then determined.
Short communications
DNA synthesis catalysed by the purified HSV-l DNA polymerase was stimulated by both spermidine and spermine with increases in activity corresponding to increasing concentrations of either polyamine (Fig. I a, b) . Spermidine and spermine have previously been shown to stimulate DNA polymerase activities from calf thymus (Yoshida et al. 1976) , rat liver (Probst et al. 1972 ) and E. eoli (Osland & Kleppe, 1978) . The same two polyamines protect DNA from nucleolytic degradation by the DNase induced after infection with HSV-I (Hoffmann & Cheng, I978) . In our purification procedure the DNase activity was separated from the polymerase activity during phosphocellulose chromatography (Powell & Purifoy, I977) . The purified polymerase preparation did, however, contain some nuclease activity. Fifteen percent of a sample of double-stranded BHK-21/CI 3 DNA was degraded to acidsoluble nucleotides in 45 rain by our enzyme preparation. This DNase activity may be similar to that observed by Knopf 0979) and may be associated with the HSV-[ polymerase. However, inhibition of this associated nuclease activity alone could not account for the threefold and fourfold stimulation of the DNA polymerase by spermidine and spermine.
Recently, polyamines have been shown to be necessary for virus DNA synthesis in an isolated nuclear system (Francke, 1978) . The site of action of the polyamines was not defined but the author suggested they could act directly on the enzymes whose synthesis is directed by HSV-I. From the results presented in this study it seems likely that spermidine and more especially spermine, which is associated with the virus DNA (Gibson & Roizman, I971) , are positive effectors of the HSV-I DNA polymerase. In support of this hypothesis is the fact that putrescine, which is not present in the virion, has little effect on the polymerase reaction (Fig. I c) suggesting that the effect is specific for the two polyamines spermidine and spermine. 
